This perturbative Quantum Chromo Dynamics (pQCD) analysis attempts to present a simultaneous determination of parton distribution functions (PDFs) and the strong coupling α s (M 2 Z ) from inclusion of inclusive H1 and ZEUS jet, DiJets and TriJets production cross sections data on the HERA I and II combined data, as the central data sets for probing the internal structure of proton. To present an accurate pQCD analysis, we separate the role and influence of inclusion jet production cross sections data from inclusion of the strong coupling α s (M 2 Z ) as an extra fit parameter parameter on the gluon distribution. We show inclusion of jet, DiJets and TriJets production cross sections data improves the consistency between experiment and theory of cross sections for neutral current (NC) and charged current (CC) interactions of deep inelastic e ± p scattering on proton up to ∼ 2.8 %. In addition, we show inclusion of jet production cross section data and considering α s (M 2 Z ) as a pQCD free parameter not only reduce dramatically the uncertainty band of gluon distribution but also improve the consistency between experiment and theory of NC and CC deep inelastic e ± p scattering cross sections up to ∼ 3.6 %. Our simultaneous determination of PDFs and the strong coupling α s (M 2 Z ) with inclusion of jet production cross sections data leads to α NLO s (M 2 Z ) = 0.12041 ± 0.00086, which is in a good agreement with world average and other individual measurements.
I. INTRODUCTION
We may qualitatively introduce the potential function between a quark (q) and an antiquark (q) for virtual pairwithin the proton as follows:
In qualitative Eq (1), the first term is a Coulomb potential and for distances much shorter than of a typical hadron size ∼ 1 mπ dominates and the second term is known as the confining potential, which has a nonperturbative origin and probably comes from gluon self-couplings.
The second term (kr) produces a force that does not reduce with distance and accordingly a quark-antiquark pair (qq) are tied together by a kind of force-string which effectively requires infinite energy to separate them from each other, a phenomenon which is referred to as the quark confinement [1] [2] [3] [4] [5] [6] [7] [8] .
Really, because of quark confinement phenomenon, quarks are never observed as free particles, but are always found confined within hadrons. However, in Deep Inelastic Scattering (DIS) of e ± p processes it is quarks that are produced, not hadrons. Accordingly, when a quark-antiquark pair (qq) is produced in the centre of frame of a e + e − system through the process like e + e − →they fly apart at relativistic velocities in opposite directions with equal momentum [9] [10] [11] [12] .
As a result of quark confinement, the energy in the strong interaction field between the two quarks is converted into further pairs ofthrough a process called hadronisation that occurs over a distance scale of ∼ 1 fm. Really, when the distance betweenpair exceeds ∼ 1 fm the stored energy in the strong interaction field between them exceeds the mass energy of typical hadrons and the creation of an extra hadron is energetically favored over that of stretching the string further. Many hadrons are created in this manner on the line between the originalpair. They are dragged by their own parent q orq and are emitted in concentration in the opposite directions which are observed as jets. Therefore, as a result of hadronisation, each quark produced in a DIS of e ± p collision produces a jet of hadrons and accordingly a quark is observed as an energetic jet of particles [13] [14] [15] .
The factorisation theorem separates the pQCD short and long distances processes to hard scattering coefficients and PDFs. The hard scattering coefficients and PDFs are calculable and non-calculable parts of pQCD, respectively [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
Proton structure functions are then obtained by convolution between hard scattering coefficients and PDFs. Since proton PDFs are non-calculable part of pQCD, they are first parametrized at a starting scale of Q 2 0 based on a standard PDF model and then extracted from fit to experimental data [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] .
This next-to-leading order (NLO) QCD analysis attempts to extract simultaneously PDFs and the strong coupling α s (M 2 Z ) from three different data sets: 1-HERA I and II combined data [16] , 2-H1 normalized inclusive jet data [9] and 3-ZEUS inclusive jet data sets [15] .
The inclusion of H1 and ZEUS inclusive jet-production cross sections made a simultaneous determination of PDFs and the strong coupling α s (M 2 Z ), resulting in the variant HERA-PDF2.0Jets.
Jet production in neutral current (NC) of DIS of e ± p collision at high Q 2 provides a testing ground for the theory of the strong interaction between quark and gluon intraction in quantum chromodynamics level [9] .
While inclusive DIS of e ± p collision gives us some indirect information on the strong cou-
) through scaling violations of the proton structure functions but jet production provides a direct estimate of α s (M 2 Z ) as an important pQCD parameter. Accordingly, in the most QCD analysis to extract the PDFs, the strong coupling α s (M 2 Z ) is not taken account as a free QCD parameter and uncertainty band of gluon distribution is reduced for fitting with fixed α s (M 2 Z ) compared to fitting with free α s (M 2 Z ). This is our main motivation to perform a NLO DIS of e ± p collision analysis with inclusion of inclusive jet production data sets and the strong coupling α s (M 2 Z ) as an important pQCD free parameter on the theory of NC and CC deep inelastic e ± p scattering cross sections to investigate the pure impact of inclusion of the inclusive jet production data on simultaneous determination of α In perturbative QCD fits to the inclusive HERA I and II combined NC and CC deep e ± p scattering cross section data as a central data for probing the internal structure of proton as a whole, the gluon PDF is determined by the DGLAP collinear evolution equations using the observed scaling violations [39] . The results of this fitting are in a strong correlation between the shape of the gluon distribution and the numerical values of the strong coupling
, when it is considered as a free fit parameter [40] [41] [42] [43] [44] . Inclusive jet production DIS cross section data provide an independent measurement of PDFs and special for gluon distribution and some of its relative ratios and we show inclusion of these data on the theory of cross sections for NC and CC interactions of deep inelastic e ± p scattering reduces the uncertainty band of gluon distribution and simultaneously provides an accurate determination of the α s (M 2 Z ), when it is considered as a pQCD fit parameter. To present an accurate study of NLO QCD analysis, we separate the role and influence of inclusion of inclusive jet production DIS cross section data from the role of strong coupling 
II. THEORY AND CROSS SECTIONS
This NLO QCD analysis has been perform based on the following theory and data sets:
• HERA I and II combined data: Seven data sets from HERA I and II combined of DIS of e ± p collision play central role for probing the internal structure of proton and quark-gluon detailed dynamics at centre-of-mass energies of up to √ s ≃ 320 GeV [16] .
The reduced neutral current (NC) and inclusive unpolarised charged current (CC) of DIS of e ± p collision may be expressed in terms of proton structure functions as follows:
and
respectively, where x is the Bjorken variable, y is the inelasticity, Q 2 is the negative of four-momentum-transfer squared or boson virtuality, Y ± = 1 ± (1 − y) 2 and α is the fine-structure constant. More details may be found in Ref. [45] . • H1 normalized inclusive jet data: Six data sets from H1 Collaboration are include five normalized inclusive jet data at high Q 2 and only one normalized inclusive jet data at low Q 2 . Five normalized inclusive jet data at high Q 2 are include one normalized DiJets with unfolding and one normalized TriJets with unfolding [9] .
The normalized jet production cross sections are defined as a ratio of differential inclusive 1-jet, 2-jet and 3-jet cross sections to the differential NC deep inelastic e ± p scattering cross section (
) in a given Q 2 bin , multiplied by the respective bin width W in the case of a double differential measurement as follows:
The normalized inclusive jet production cross section (
) is measured as a function of Q 2 and double differentially as a function of Q 2 and P T as follows:
where P T is the transverse jet momentum in the Breit frame.
The normalized 2 and 3-jets production cross sections (
) are presented as a function of Q 2 and double differentially as a function of Q 2 and P T as follows:
where P T is the average transverse momentum of the two leading jets, which in turns defined as follows:
In addition, the 2-jet cross section is measured double differentially sometimes as a function of Q 2 and ξ as follows:
where ξ is proton momentum fraction. It should be noted that the 3-jet cross section is normalized to the 2-jet cross section as function of Q 2 .
The kinematical range of cross sections for NC interactions of e ± p collisions are as follows:
where as before Q 2 is boson virtuality and y is inelasticity of the interaction. The NC deep inelastic of e ± p collision of event and jet selection are provided for E e ± = 27.6 GeV with protons of energy E p = 920 GeV, providing a centre-of-mass energy √ s = 319 GeV.
• ZEUS inclusive jet data: Data sets from ZEUS Collaboration are include three normalized inclusive jet data at high Q 2 , which one of them is DiJets with unfolding and other two data sets are 1-jet [15] . These data were taken using ZEUS detector at HERA and inclusive jet differential cross sections have been published in NC of deep inelastic e + p scattering reaction e + p → e + γp at a centre-of-mass energy of √ s = 300 GeV and correspond to an integrated luminosity of 38.6 ± 0.6 pb −1 .
The kinematical range of cross sections for NC interactions of e + p collisions are as follows:
where as usual Q 2 is known as boson virtuality.
In Figs. 1-4, we show consistency of theory of NC and CC deep inelastic e + p scattering cross sections and double-differential cross sections with HERA I and II combined experimental data sets based on our NLO DIS analysis.
In Figs. 5-6, we show consistency of NC deep inelastic e ± p scattering inclusive cross sections and inclusive normalized cross sections theory with inclusive H1 and ZEUS jet, DiJets and TriJets production cross sections experimental data sets based on our NLO DIS analysis.
It should be noted that in this NLO QCD analysis we perform four different fits titled:
HAFixed, HJAFixed, HAFree and HJAFree so that in the throughout of this paper the words HAFixed, HJAFixed, HAFree and HJAFree refer as follows: • HAFixed: HERA I and II combined data with fixed α s (M 2 Z ).
• HJAFixed: HERA I and II combined data plus H1 plus ZEUS inclusive jet production data sets with fixed α s (M 2 Z ).
• HAFree: HERA I and II combined data with free α s (M 2 Z ).
• HJAFree: HERA I and II combined data plus H1 plus ZEUS inclusive jet production data sets with free α s (M 2 Z ).
III. FITTING AND QCD SET-UP
• PDFs: To extract simultaneously PDFs and the strong coupling α 
at the initial scale of the QCD evolution Q As we mentioned before, in this NLO QCD analysis we perform four different fits with fixed and free α s (M 2 Z ) to investigate the pure impact of inclusion of the inclusive jet production data to the HERA I and II combined NC and CC deep e ± p scattering cross with fixed and free α s (M 2 Z ), respectively which they should be determined by fits to experimental data.
In Table I , we present numerical values of 14 and 15 free central parameters and their uncertainties corresponding to fits with fixed and free strong coupling α s (M 2 Z ), respectively.
• Fitting: As we mentioned, in this NLO QCD analysis we use three different data sets as follos:
1. Seven sets of HERA I and II combined data, as the central data sets for probing the internal structure of proton as a whole [16] .
2. Six data sets of H1 normalized inclusive jet production data [9] .
3. Three data sets of ZEUS inclusive jet production data [15] . 
respectively, where p T is the transverse momenta.
• Extra Minimisation Parameters: In fitting with fixed strong coupling, we set the strong coupling to α s (M 2 Z ) = 0.1176 and in fitting with free strong coupling, we varied α s (M 2 Z ) in steps of 0.001. In addition, we fixed the strangeness suppression factor to f s = 0.31, which has the best consistency with other physical parameters of this NLO QCD analysis [46] [47] [48] [49] .
• Evolution of PDFs: To evolve the parametrized PDFs, we use QCDNUM version 17-01/15 as a very fast QCD evolution program using xFitter QCD framework version 
IV. RESULTS
• Fit-quality:
As we know, in a QCD analysis, proton PDFs are extracted via fitting to experimental data sets based on minimization of χ 2 -function and accordingly Tables I and II into the Table III we may conclude the following results:
1. According to the relative change of χ 2 -function which is defined by
, we obtain up to , this improvement in the quality of the fit is due to pure impact of inclusion of the inclusive jet production data to the HERA I and II combined NC and CC deep e ± p scattering cross section data sets.
2. Improvement the quality of the fit for fit with free α s (M 2 Z ) is:
, which shows up to ∼ 3.6 % relative improvement in the quality of the fit for fit with free α s (M 2 Z ).
3. Now if we compare the results for the quality of the fit for fits with fixed and
, we conclude that the best fit-quality is related to HJAFree fit in our QCD analysis for inclusion of the inclusive jet production data and a simultaneous determination of PDFs and the strong coupling α s (M 2 Z ). In addition, this comparison clearly shows up to | 3.6 − 2.8 |= 0.8 % improvement in the quality of the fit is due to pure contribution of the strong coupling α s (M • Gluon distribution: Fig. 7 shows comparison of the pure impact of the strong coupling α s (M 2 Z ) on the gluon distribution for fits with fixed (purple) and free (blue) α s (M 2 Z ), without and with inclusion of inclusive jet production data corresponding to upper three and lower three diagrams, respectively.
Comparison of the pure impact of the strong coupling α s (M 2 Z ) on the gluon-ratio distribution for fits with fixed (purple) and free (blue) α s (M 2 Z ), without and with inclusion of inclusive jet production data corresponding to upper three and lower three diagrams, respectively is shown in Fig. 8 .
In Fig. 9 we compare the pure impact of inclusion jet production data on the shape of gluon distribution for fits with fixed (upper three diagrams) and free (lower three diagrams) strong coupling α s (M 2 Z ). • Impact of simultaneous determination of PFDs and α s (M Impact of simultaneous inclusion of jet production data and the strong coupling α s (M 2 Z ) on the gluon distributions for four different HAFixed (blue), HJAFixed (orange), HAFree (green) and HJAFree (red) fits, respectively is shown in Fig. 13 .
In Fig. 14 we show impact of simultaneous inclusion of jet production data and the strong coupling α s (M 2 Z ) on the gluon-ratio distributions for four different HAFixed (blue), HJAFixed (orange), HAFree (green) and HJAFree (red) fits, respectively. • We show the pure impact of inclusion of inclusive jet production data and the strong coupling constant α s (M 2 Z ) on the NC and CC deep inelastic e ± p scattering cross sections theory is ∼ 2.8 and ∼ 0.8 improvement in the quality of the fit, respectively. • A simultaneous determination of PDFs and α s (M • Because of strong correlation between the shape of the gluon distribution and the strong coupling α s (M 2 Z ), when it is considered as a free fit parameter and the central role of inclusion of jet production data in direct measurement of α s (M 2 Z ), the best improvement in gluon distribution uncertainty is related to HJAFree analysis. and HJAFree (red) fits, respectively. 
